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HeritabilityAbstract The present research was designed to examine heritability estimates of egg length, egg
breadth and egg shape index under the influence of age variance for Bovan Nera Black laying
chicken sat 25, 51, 72 weeks and overall mean ages of the bird. For this purpose thirty birds were
selected from the flock of layers in the Babcock University Teaching and Research Farm. A total of
thirty (30) eggs were collected daily from the birds continuously for five (5) days of egg production,
at each age 25, 51 and 72 weeks. The total number of eggs collected at each age was 150 and 450 for
the total of three age periods. Data were collected on egg production traits for egg length, egg
breadth and egg shape index. The mean values of the egg quality traits revealed an apparent
increase for egg length 4.05–4.65 cm and egg breadth 2.47–2.66 cm with a corresponding overall
mean data 4.38 cm for egg length and 2.56 cm for egg breadth; however, egg shape index recorded
decrease from 61.87 to 57.19 with a corresponding overall mean of 58.92. General linear model pro-
cedure of statistical analytical system was used to obtain the variance components for the estima-
tion of heritability. High heritability estimates were obtained when the age variance was included in
the computation for overall mean and at 25 weeks for the studied traits, and at 72 weeks for egg
breadth and egg shape index when the age variance was excluded while low estimates were regis-
tered at 51 for all traits, and at 72 for egg length and with the corresponding overall mean for
all traits when the age variance was excluded from the computation. The heritability estimates fromage vari-
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ance in the tropics. Journal of the Saudi Socdifferent egg quality traits were low to high. Since some of the traits recorded low heritability val-
ues, these traits can be improved by mass selection thereby culminating into egg production with
optimal quality.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Livestock farming particularly poultry is one of the fastest
growing divisions of the agricultural sector in Nigeria. It con-
tributes immensely to the three major economic sectors
(Petroleum, mining and agricultural) in Nigerian economy
and has evolved from subsistence farming to an extremely
business oriented enterprise.
Egg consumption has been accepted in Nigeria as a tool
for meeting the animal protein intake and an ingredient in a
balance diet (Obioha, 1992; Udoh and John-Jaja, 2014). Egg
quality traits are those that affect its acceptability to the con-
sumers Pradeepta et al. (2015). Thus, to maintain the superi-
ority in the total egg quality routine genetic and breeding
experimentation must be carried out continuously through
genetic parameters such as heritability estimates for a number
of chicken traits, particularly the improved commercial breeds
so as to select the best performers with respect to important
economic traits through concentrating and enhancing the
manifestation of the gene controlling these traits. The improve
stock will be conserved and multiplied for productive pur-
poses. In this way, commercial chickens will boost the Nigeria
poultry industry, thus providing a buffer against shortages of
poultry products.
Heritability estimates for traits are usually categorized into
three classes viz: low (0.19), moderate (0.2–0.39) and 0.4 and
above (high) with its values in all classes ranging from 0–1%
or 1–100%. Literature estimates cited in this paper are in fact
all of moderate to high magnitude (Alipanah et al., 2013;
Blanco et al., 2014; Begli et al., 2010; Grunder et al., 1989;
Muir and Patterson, 1990; Pradeepta et al., 2015; Sabri
et al., 1999; Singh et al., 2008; Tatsuhiko et al., 2015). The
aim of this paper was to determine heritability estimates of
external egg quality traits of Exotic Laying Chickens under
the influence of age variance in the tropics.
2. Materials and methods
2.1. Experimental site
The study was carried out at the Teaching and Research Farm
of Department of Animal Science, Babcock University in
Ikenne Local Government Area (LGA) of Ogun State,
Nigeria. Ilara is located between Latitude 6.867N and
Longitude 3.717E with an altitude of 235.2 m above sea level
along the transitional forest zone of Southern Nigeria and
Guinea Savannah. It has an annual rainfall of 1200 mm,
65% mean relative humidity and 21.4 C mean temperature.
The experiment lasted for 72 weeks in which data on egg pro-
duction traits were collected..A. et al., Heritability estimates of exte
iety of Agricultural Sciences (2016), htt2.2. Experimental birds and management
The base population for the selection experiment was obtained
from random-bred Nera Black chickens which were sourced
from the same hatchery and raised under opened sided individ-
ually house labeled separate battery cage. The farm had birds
at different stages of lay. Day old pullets were purchased from
reputable hatcheries and kept on little till about 18 weeks
before they are moved to the battery cage. During the first four
weeks of development, the chicks were protected from cold by
placing electric bulbs in their pens, which has polythene sheets
attached to the sides to provide warmth during brooding.
During lay, the birds were fed twice daily with compounded
ration containing 16% crude protein, and other constituents
of their feed include vitamins, minerals and amino acid. Water
was provided. At inception, birds were quarantined separately
for 7 days and dewormed. At the end of the quarantine period,
the chickens were randomly selected based on their health con-
ditions. Healthy conditions were determined by closely observ-
ing the chickens for signs of ill health. Chickens showing signs
of ill health such as watery nasal or ocular discharge, cough,
weakness, loss of appetite, tendency to huddle away from the
rest of the chickens, watery feces and difficulty in walking were
culled. The birds were routinely vaccinated at certain stages of
development against diseases such as Newcastle, Gumboro
and Coccidiosis. Egg collection at the farm was usually done
three times a day: in the morning at 8 am and afternoon at
2 pm and then the final collection was made in the evening
at 6.00 pm.
2.3. Experimental design
In order to achieve the purpose of this study, two experiments
designed were employed. Completely randomized design
(CRD) was used at the first phase after quarantine and vacci-
nation to select the healthy layers while visual appraisal at the
second phase of design was used to select a total of third (30)
layers that had the capacity to lay 5–6 eggs weekly and rest for
1–2 days after monitoring their laying cycle and patterns
between 21 and 24 weeks. Randomization was performed
using a random number table, computer, program (i.e. the
number of treatments and replicates is only limited by the
available number of experimental units).
2.4. Data collection
Each egg collected was identified and labeled by the appropri-
ate identification numbers on the egg trays. A total of thirty
(30) eggs were collected daily from the bird continuously for
five (5) days of egg production, at each age 25, 51 andrnal egg quality traits of Exotic Laying Chickens under the influence of age vari-
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External egg quality traits of Exotic Laying Chickens 372 weeks. The total number of eggs collected at each age was
150 for three age periods (25, 51 and 72 weeks) and 450 for
the combined ages of the birds for each trait.
2.5. Measurement of external egg quality traits
The egg dimensions such as egg length and egg breadth were
measured with a manual vernier caliper sensitive to two deci-
mals (0.00 cm). The egg shape index was estimated using
Panda (1996) formula thus:
Shape Index ¼ ½egg breadth=egg length  100 ð1Þ2.6. Statistical model and data analysis
2.6.1. Effects of age on egg dimensions
The least squares means with the corresponding overall mean
and their respective standard error were estimated for egg
length, egg breadth and egg shape index using Statistical
Analytical System program.
2.6.2. Models for heritability estimates
The variance components that were used for the estimation of
heritability were evaluated using the method of paternal half-
sib correlation analysis adopted to multiparous species, given
by Becker (1984). For the pooled data each trait was analyzed
using two models. Model 1 considers only the bird variance
and model 2 included both the bird and the age variances as
shown below. The age variances estimated were removed from
the computation of heritability in model 2.
Model 1 : Yij ¼ lþ ai þ eij ð2Þ
Model 2 : Yijk ¼ lþ ai þ bj þ eijk ð3Þ
Y ij = the mean performance of ith bird,
Y ijk = the mean performance of ith bird and jth age
variance,
l = overall mean,
ai = random direct genetic effect of hen i,
bj = effect of age variance j (25, 51 and 72 weeks of age),
eij and eijk = random residual error.
The components of variance were estimated by PROC
VARCOMP (Procedure Variance Components) of (SAS,
1999) using Restricted Maximum Likelihood (REML)
method. Heritability coefficient was estimated using the fol-
lowing formulae (Becker, 1984).
h2s ¼ 4r^
2
B
r^2B þ r^2E
ð4ÞTable 1 Least square means ± standard error of egg length, egg b
Age N Egg length (cm)
Overall mean 450 4.38 ± 0.02
Age of bird
25 150 4.05 ± 0.04c
51 150 4.44 ± 0.03b
72 150 4.65 ± 0.01a
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correlation,
r^2B = variance component of the Bird,
r^2E = variance component (error).
The standard error (S.E.) of the estimation in this study is
given by Becker (1984) as follows:
S:E: ðh2sÞ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2ð1 tÞ2½1þ ðk 1Þ2
kðk 1ÞðN 1Þ
s
ð5Þ
t ¼ r^
2
B
r^2W þ r^2B
ð6Þ
t= intraclass correlation,
r^2W = variance component (error),
K= number of record per bird.
3. Results and discussions
3.1. Phenotypic least square means and standard error of egg
quality traits
The evaluate phenotypic least square means with standard
errors for the egg length, egg breadth and egg shape index
are presented in Table 1. The characteristics of the egg dimen-
sions at various age groups and at overall mean age of the bird
were elucidated. Generally, the least square means of egg
length, egg breadth and egg shape index at 25, 51 and 72 weeks
of age are significantly different at P< 0.05. Among the egg
production, the least square means of egg length at 72 weeks
recorded the highest value of 4.65 ± 0.03 cm which was signif-
icantly lower than 4.05 ± 0.003 cm obtained at 25 weeks and
4.42 ± 0.003 cm at 51 weeks. The same trend was observed
for egg breadth. This consistent increase in the significant dif-
ference from age 72 weeks to 25 weeks for egg production
traits (egg length and egg breadth) except egg shape index is
in agreement with the report of Cannings et al. (1978);
Natalie (2009). This implies that the environmental effects
were large and masked observable genetic variation. Overall
means for egg length, egg breadth and egg shape index were
4.38 ± 0.02, 2.55 ± 0.01 and 58.92 ± 0.38 respectively
(Table 1).
The mean egg length recorded 4.05 cm at 25 weeks, 4.44 cm
at 51 week and 4.64 cm at 72 weeks indicating an increasing
trend. These results are comparable to 4.16–4.91 cm registered
for Nera Black and 3.99–4.69 cm recorded for Shaver Brown
hens at 28–60 weeks of age reported by Oyeagu et al. (2015).
On the other hand Tatsuhiko et al. (2015) reported that eggreadth and egg shape index.
Egg breadth (cm) Egg shape index
2.55 ± 0.01 58.92 ± 0.38
2.47 ± 0.01c 61.87 ± 0.62a
2.54 ± 0.02b 57.71 ± 0.60b
2.66 ± 0.03a 57.19 ± 0.67b
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4 S.A. John-Jaja et al.length ranged from 3.45 to 4.65 cm for Onagadori layer and
4.31–5.09 cm for white leghorns at 20–34 week for both breeds.
However, higher value 5.18 cm was obtained for Iranian fowl
at 30 weeks by Begli et al. (2010), while Pradeepta et al. (2015)
recorded 5.44 cm for egg length at 50 weeks of age for white
leghorns. The variation could be attributed to the breed differ-
ences, the age of the layer and environmental temperature.
There was a progressive decrease in standard error of egg
length with increasing age of the hen that is, 0.04 cm at
25 weeks, 0.03 cm at 51 weeks and 0.01 cm at 72 weeks with
a corresponding value of 0.02 cm for the overall mean of the
hen. These results agree favorably with 0.01 cm obtained by
Begli et al. (2010); 0.14 cm recorded by Pradeepta et al.
(2015) and 0.37 cm registered by Tatsuhiko et al. (2015).
This was a constant increase in the mean values of egg
breadth at different age groups. At 25 weeks of age, 2.47 cm
was registered, 2.54 cm at 51 weeks, 2.66 cm at 72 weeks and
2.56 cm at combined ages of the hen. These values are lower
than the report recorded in the literature. Pradeepta et al.
(2015) registered 3.99 cm at 50 weeks; Begli et al. (2010)
reported 3.80 cm at 30 weeks and Tatsuhiko et al. (2015)
obtained 3.63 cm. This again could be due to the breed, differ-
ences, age of the layers and environmental factors influencing
the traits. An increasing trend was observed for the standard
error of the egg breadth at different age groups. The trait
recorded 0.00 cm at 25 weeks of age, 0.02 cm at 51 weeks
and 0.03 cm at 72 weeks of age with 0.01 cm for the combined
ages of the birds. These values are in agreement with the report
of other researchers. Begli et al. (2010) recorded 0.01 cm.
Tatsuhiko et al. (2015) observed 0.02 cm while Pradeepta
et al. (2015) registered 0.02 cm. The influence of age on differ-
ent age groups in this study indicates that age is a major deter-
minant in the growth and development of egg quality traits.
Decreasing trend was observed for the mean egg shape
index at different ages of the birds. At 25 weeks of age, egg
shape index recorded 61.87, 57.71 at 51 weeks and 57.19 at
72 weeks with a corresponding value of 58.92 for the overall
ages of the birds. A higher mean estimate of 73.00 was
obtained by Begli et al. (2010) for egg shape index and
Blanco et al. (2014) recorded 78.0–79.0 for Brown egg line at
32–36 weeks of age and 74.0–77.1 for White egg line at
67–70 weeks of age. This also could be attributed to high val-
ues reported for egg length and egg breadth compared to the
report in this research paper as egg shape index is a directTable 2 Age variance, K-value and heritability estimates ± standard
ages of bird, at 25, 51 and 72 weeks of age for model 1 analysis (age o
bird excluded).
Age variance K-value Length
1H ± SE
Overall (age included) 15 0.853 ± 0.
Overall (age excluded) 15 0.136 ± 0.
Age groups (age excluded)
25 5 0.850 ± 0.
51 5 0.258 ± 0.
72 5 0.087 ± 0.
1H ± SE represents heritability ± standard error and K-value is the num
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obtained for egg shape index ranged between 0.62 and 0.67 at
25–72 weeks of age with a corresponding overall mean value of
0.38. These also are higher to the report of Begli et al. (2010)
who obtained 0.00 for egg shape index.3.2. Estimates of heritability
Statistical model 1 was used to evaluate the heritability esti-
mates of overall ages of egg breadth, egg length and egg shape
index at 25, 51 and 72 weeks when the age of the bird was
excluded from the computation and model 2 was employed
when the age of the bird was included as shown in Table 2.
High heritability estimates of 0.853, 0.503 and 0.629 for egg
length, egg breadth and egg shape index respectively using data
from overall ages for egg traits when the age of the bird was
included indicate higher role of additive genetic variance in
phenotypic expression of these traits and the low standard
error for different age groups and overall mean age group indi-
cates greater precision. These high estimates generally agreed
with the report in literature. Pradeepta et al. (2015) recorded
values of 0.679, 0.868 and 0.685 for heritability estimates of
egg length, egg breadth and shape index respectively at
50 weeks of age for white leghorns using half-sib correlation
analysis adopted to multifarious species and evaluated using
PROC VARCOMP of restricted maximum likelihood
(REML) method of Statistical Package for Social Science
(SPSS). Begli et al.’s (2010) heritability estimates of 0.57 for
egg shape index for Iranian fowl at 30 weeks of age using
half-sib correlation analysis were adopted to multifarious spe-
cies and employed restricted maximum likelihood of
ASREML software for the estimation of variance component.
Blanco et al. (2014) obtained 0.58 for heritability estimates for
egg shape index at 32–36 weeks of age for Brown egg lines of
Lohmann Brown breed using mixed procedure from the statis-
tical analytical system for a half-sib correlation analyses
adopted to multifarious species.
However, low estimates of 0.136 and 0.040 were recorded
for egg length and egg breadth respectively when the age vari-
ance was excluded from the computation except egg shape
index that registered moderate estimates of 0.243. This varia-
tion could be attributed to the removal of age variance which
determines its developmental processes and hence robust theerror for egg length, egg breadth and egg shape index for overall
f bird excluded), overall ages of bird for model 2 analysis (age of
Breadth Shape index
1H ± SE 1H± SE
0260 0.503 ± 0.0160 0.629 ± 0.018
0093 0.040 ± 0.0074 0.243 ± 0.0113
0388 0.545 ± 0.0498 0.806 ± 0.0528
0427 0.2770 ± 0.0416 0.147 ± 0.0408
0536 0.851 ± 0.0536 0.767 ± 0.0225
ber of bird per record.
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External egg quality traits of Exotic Laying Chickens 5non-additive gene actions thereby culminating into low and
more accurate estimates of heritability of the traits compared
to the report recorded in the literature (Blanco et al., 2014;
Begli et al., 2010; Pradeepta et al., 2015).
At 25 weeks of age, high estimates of heritability of 0.850,
0.545 and 0.806 were recorded for egg length, egg breadth
and egg shape index. Theoretically, heritability estimates
should decline in magnitude when the age variance was
excluded from the computation due to decrease in additive
genetic variance. Practically, this trend was not observed in
this study suggesting minimal influence of non-genetic and
permanent environmental variance on heritability estimates
of the traits of 25 weeks of age and hence higher to the esti-
mates of egg shape index obtained by several researchers
(Blanco et al., 2014; Begli et al., 2010; Pradeepta et al.,
2015) and egg length recorded by Pradeepta et al. (2015)
but lower to the estimates of egg breadth reported by
Pradeepta et al. (2015).
However, there was a decline in the heritability estimates
from high to low as registered for egg shape index and from
high to moderate as observed for egg length and egg breadth
at 51 weeks of age. These indicate that excluding the age vari-
ance from the computation weakens the additive genetic vari-
ance as genetic potential reduces with advancing age and hence
increasing the non-additive genetic and permanent environ-
mental effects thereby reducing the heritability estimates of
those traits compared to the estimates reported by other
researchers (Begli et al., 2010; Pradeepta et al., 2015) for these
traits. Conversely, Blanco et al. (2014) observed a decline in
the estimates of heritability of egg shape index from 0.58 at
32–36 weeks of age to 0.47 at 67–70 weeks of age but the esti-
mates were still higher than those reported in the study. This
indicates that the genetic potential of egg shape index, age
length and egg breadth is most enhanced at earlier period of
egg production leading to minimal influence of environmental
factors and thereby culminating into peak egg production
compared to the later period of egg laying year thereby
enhancing the environmental factors and as a result, reducing
the heritability estimates in spite of excluding the age variance
in the computation.
The heritability estimates enhanced from moderate to high
as observed for egg breadth and egg shape index recorded
0.851 and 0.767 while egg length experienced a further decline
to 0.087 at 72 weeks of age. The result obtained from egg
breadth and egg shape index agrees favourably with the report
of Pradeepta et al. (2015) while the low estimates registered for
egg length were lower than the report of Begli et al. (2010);
Pradeepta et al. (2015). However, the value recorded for egg
shape index in this study was higher than the report of
Blanco et al. (2014); Belgi et al. (2010). This indicates that
the genetic potential of egg length at 72 weeks of age was
not fully expressed hence enhancing the non-additive genetic
and permanent environmental effects compared to egg breadth
and egg shape index.
From the results, it could be noted that egg breadth is more
heritable compared to egg length as it recorded high estimates
at 25 and 72 weeks and moderate estimates at 51 weeks
whereas egg length reported low, moderate and high estimates
of heritability when the age variance was excluded from the
computation in order to obtain a more realistic estimates
and hence identifies traits that are more heritable under the
influence of age variance.Please cite this article in press as: John-Jaja, S.A. et al., Heritability estimates of exter
ance in the tropics. Journal of the Saudi Society of Agricultural Sciences (2016), htt4. Conclusion
From the findings, it was observed that as the age of the laying
bird increases, the magnitude of the least squares means of egg
length and egg breadth increases, while the shape index
decreases at different age groups with a significant difference
for egg length, egg breadth and egg shaped index as a result
of genetic variation. The influence of age variance on heritabil-
ity estimates of egg dimensions is appreciable as considerable
changes in heritability values would result by excluding the
effects of age variance thereby obtaining a more realistic esti-
mates of heritability. However, since all the traits have high
heritability estimates at 25 weeks of age, these traits can be
improved by mass selection. Improvement in the production
environment and non-genetic factors influencing egg produc-
tion will improve the accuracy of estimating the inherent trans-
mitting ability of the layers in the lowly heritable traits
observed for egg shape index and egg length at 51 and
72 weeks and moderately heritable traits reported for egg
length and egg breadth at 51 weeks under the influence of
age variance.
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